We study the effect of the FCNC on rare B decays in the beyond standard model with vector like singlet quarks. It has been shown that b → sγ does not receive sizable contribution compared with that of the standard model while b → dγ, b → s(d)l + l − , can be changed from the predictions of the standard model.
Introduction
It has been known that the Flavor Changing process in down quark sector is sensitive to the mass difference among up-type quark in the standard model (SM). GIM mechanism tells us that the FCNC in one-loop level of SM vanishes when up type quarks are degenerate. In the real world , there is large mass gap among up quark sector (M u ≪ M c ≪ M t ). Then the Flavor Changing Process in down quark sector like b → sγ and b → sl + l − are enhanced. If we extend the fermion sector beyond the standard model, there are several different possibilities. If we just add the chiral fermions as fourth generation in sequential way, GIM mechanism still works and the new contribution comes from up-type quark (t ′ ) in the fourth generation. Therefore we can get constraints for the mass of t ′ and its Kobayashi Maskawa mixing to light down-type quarks (V t ′ i CKM , i = d, s, b) However if we extend the fermion sector in non-sequential way, the different aspect arises (refs. [1] , [2] , [3] , [6] and [7] ). The tree level FCNC arises both in Z and neutral Higgs sector. Furthermore, the size of the FCNC depends on the structure of the down quark mass matrix rather than up type quark masses. Therefore we may study the structure of down type quark mass matrix by studying the flavor changing process in down quark sector. * We study the Standard Model (SM) with extended quark sector. In addition to the three standard generations of quarks, N d −3 down-type and N u −3 up-type vector like singlet quarks are introduced (refs. [1] , [2] and [3] ).
In this model, there is tree level FCNC in Z and Higgs sector. In order to illustrate this point and explain the relation between the size of FCNC and down-type quark mass matrix, let us introduce a toy model. This is the so called "top-prime less" model
The most general mass matrix for down quark sector M d is given by,
where J is complex and m and m 4 are real numbers. m comes from the vacuum expectation value of Higgs doublet. J leads to the mixing between left handed singlet quarks and right handed ordinary quarks. In the limit of J = 0, the vector like quark decouples from the ordinary quark.
where b 0 and b 0′ indicate the weak basis. When m is much smaller than M = |J| 2 + m 4 2 , the elements of the unitary matrix are given by the following formulae approximately :
Correspondingly, the mass eigenvalues for heavy quark (M H ) and light quark (M L ) are given by :
There are two interesting limits :
In the case of (1), the mixing between ordinary quark and vector like quark is suppressed. The physical masses are given by the diagonal elements of the mass matrix:
In the case of (2), the diagonal elements no longer reflect the physical masses :
Note that the light quark mass vanishes in the limit m 4 = 0. On the other hand, the neutral current is written in terms of physical basis,
Thus the flavor diagonal coupling for neutral current (Z bb ) and the FCNC coupling (Z bb ′ ) are given by :
Depending on the two cases mentioned above, the enhancement and suppression of the FCNC occur respectively.
For instance, if the physical mass of the vector like quark mass is M H = 500(GeV), the following mass matrices realize the same mass eigenvalues for heavy and light quark masses (M H = 500(GeV), M L = M b = 5(GeV)) while giving rise to the different size of FCNC.
This exercise tells us that the FCNC between singlet quark and ordinary quark is enhanced when the off-diagonal element in the mass matrix is larger than the diagonal element. This kind of analysis can be extended to the general case with arbitrary numbers of isosinglet up-type quarks and down-type quarks. Here we just record the full lagrangian for the model (ref. [7] ).
where,
For N u = 3 and N d = 4, the diagonal elements and off-diagonal elements of FCNC are given by the following equations :
where V L is a unitary matrix which diagonalizes the down type quark mass matrix
In the basis in which up-type quark is diagonalized, 3 by 4 part of V L is just CKM matrix,
This leads to the relation between the FCNC and the deviation of unitarity of CKM matrix
Therefore the unitarity of the CKM matrix no longer holds. This non-unitarity "quadrangle" relation is used to constrain the FCNC coupling, e.g. Z bs , in later section. However, the deviation is suppressed when the diagonal element of singlet quark mass is infinite and keeping off-diagonal element finite.
3 Rare decays and Effect of FCNC
In the present beyond standard model, there is FCNC which leads to tree level coupling Z bs , Z bd and Z sd . In the standard model, the same vertex comes from top quark one loop diagrams. Therefore the condition that the Z FCNC dominates over the standard model contribution in Z sector is :
Then, even tiny coupling for Z FCNC, it can easily dominates over the standard model contribution. Experimental constraints and quadrangle constraints for the FCNC in bs, bd and sd sectors are given in Table ( There is no flavor changing neutral currents for b → sγ and b → sg (g : gluon) processes in the beyond standard model and standard model. Therefore, in order that the new physics contribution dominates over the standard model contribution, the FCNC coupling constant must be the same order as that of the CKM matrix elements.
Decay process Experiment constraint
Quadrangle constraint [4] , [6] and [7] ),
where Q u = 2/3 and Q d = −1/3, and m H is the neutral Higgs mass. The first term comes from the top quark loop. The second and the third terms come from down type quark loop. The second term represents the light down type quarks (d, b) loop and the third term represents the heavy down type quark (b ′ ). The details of the functions and their behavior are given in ref. [7] .
Summary
We study the rare B decays in the non-sequential extention of fermion sector. The effect of vector like down type singlet quark is studied. It has been shown that the 
